Animal production factors diet can affect the sensory quality of lamb meat. The study 35 investigated the effect of diet composition and duration of consumption on theproximate 36 analysis, volatile profile and sensory quality of lamb meat. Ninety-nine male Texel × Scottish 37 Blackface lambs were raised at pasture for 10 months before being assigned in groups of 11 38 to one of the following treatments: 100% Silage (S) for 36 (S36), 54 (S54) or 72 (S72) days; 39 50% Silage 50% -50% Concentrate (SC) for 36 (SC36), 54 (SC54) or 72 (SC72) days; 100% 40 Concentrate (C) for 36 (C36) or 54 (C54) or 72 (C72) days. A trained sensory panel found 41 Intensity of Lamb Aroma, Dry Aftertaste and Astringent Aftertaste to be higher in meat from 42 lambs on the concentrate diet. Discriminant analysis showed that the volatile profile enabled 43 discrimination of lamb based on dietary treatment but the volatile differences were 44 insufficient to impact highly on sensory quality. Muscle from animals in the S54 group had 45 higher Manure/Faecal Aroma and Woolly Aroma than the SC54 and C54 groups, possibly 46 related to higher levels of indole and skatole. Further research is required to establish if these 47 small differences would influence consumer acceptability.
1 Introduction 53 The main feedstuffs consumed by sheep for meat production are derived from cereal 54 grains and pasture (either grazed or ensiled grass), with combinations of both feed sources operating in splitless mode, was set at 250 °C and the desorption time was 8 min. Helium was 152 used as carrier gas with a constant flow rate of 1.0 ml/min. Volatile compounds were 153 separated using an Agilent ZB-5MS column (30 m length, 0.25 mm internal diameter, 0.25 154 μm film thickness) (Agilent Technologies, Palo Alto, CA, USA). The GC oven temperature 155 was programmed as follows: 40°C for 5 min, increasing to 230 °C at 4 °C/min and holding 156 for 5 min, with a total acquisition time of 57.5 min. The GC/MS transfer line was heated at panellists to cleanse the palate between samples. The sensory attribute definitions, agreed 200 during the training sessions (Gkarane et al., 2017) , were available to each panellist during 201 tasting. Panellist evaluations were recorded using Compusense 5 (v4.4, Compusense Inc., 202 Guelph, Ontario, Canada). 203 204 2.8 Statistical analyses 205 Proximate and sensory analysis data were tested for the normality of the residuals for 206 each variable. In the case of non-normal distribution, data were transformed using the Cox transformation. All data were analysed using a mixed model with diet, duration and diet 208 x duration as fixed effects (SAS (v9.4)). For the sensory data, the sensory analysis session 209 and carcass weight were considered as random effects. Analysis was conducted in the 210 MIXED procedure of SAS (v9.4). All data were presented as least square means. 219 There was no difference in muscle fat content among dietary treatments or finishing 220 periods (Table 1) . Other authors have reported that lambs receiving concentrate diets 221 generally have higher growth rates (Fraser & Rowarth, 1996) and IMF than lambs receiving 222 pasture-based diets (De Brito et al., 2017) . However, Crouse et al. (1978) found no difference 223 in fat thickness or percentage carcass fat of lambs fed low, medium or high energy diets and 224 slaughtered at constant weights. Similarly, Aurousseau et al. (2007) detected no differences 225 in the lipid content of M. longissimus thoracis of lambs raised and finished on pasture only, 226 raised on grass and finished in stalls for 22 or 41 d, or raised and finished indoors (in stalls) 227 on concentrates and hay only. They attributed the lack of differences between treatments to 228 similarity in energy expenditure between animals and a higher rate of gain from good quality 229 grass. 230 For protein, there was a diet × duration interaction whereby the muscle from the S 231 group had lower protein content than that of the SC and C groups at 54 d and 72 d, but there 232 were no differences due to diets at 36 d ( Supplementary Table S1 ). The lower protein content 233 of the lamb muscle from the S group may be explained by the fact that concentrate diets have 234 higher dry matter and crude protein content than silage-based diets (Warren et al., 2008) ; 235 however, this was more noticeable when the feeding duration increased to 54 and 72 days. In 236 addition, there were differences due to duration in the C group, whereby the muscle of the 54 237 d and 72 d groups had higher protein content than the 36 d group. In general, concentrate-238 based diets favour the production of propionate leading to increased insulin secretion and 239 stimulation of protein and fat synthesis in muscle (Weekes, 1986) . Muscle from lambs 240 receiving the experimental diets for 36 and 54 d duration had higher muscle ash content (P 241 <.05) than lambs fed for the 72 d duration, although there was a diet × duration interaction 242 whereby the SC group at 54 d had higher ash content than the S and C groups. 
Effect of diet on the sensory and volatile profiles of lamb meat 245
In general, a limited effect of the different dietary treatments on the 38 sensory 246 descriptors was noted (only seven were significantly affected; P <.05) ( 
267
The volatile analysis showed that only ten volatile compounds were significantly (P 268 <.05) affected by diet (Table 3) , seven of which showed diet × duration interactions 269 (described in section 3.3). The SC and C groups had higher (P < .05) values for dimethyl Wang, 1992)), than the S diet. Levels of hexanal (a compound that derives from oxidation of 272 linoleic acid in muscle (C18:2n-6) (Elmore et al., 2005) ), increased gradually with increasing 273 dietary concentrate although only the C and S groups were significantly different from each 274 other (P < .05). This could be due to the higher proportion (%) of C18:2n-6 in the C group 275 compared to the other groups (Rowe, Macedo, Visentainer, Souza, & Matsushita, 1999) . 276 Muscle from lambs fed the S diet had higher values (P < .05) for skatole than the SC and C 277 diets. Skatole (which has a "faecal/manure aroma") derives from the degradation of dietary 278 tryptophan and since lush pasture is a source of more readily degradable protein than cereal 279 concentrates, it is also a possible source of tryptophan (Tavendale, Lane, Schreurs, Fraser, & 280 Meagher, 2006). In addition, pasture-based diets have a high ratio of protein to readily 281 fermentable carbohydrate (Schreurs et al., 2008; Young et al., 2003) . This may explain the 282 higher levels of skatole in muscle from animals on the S group compared the other groups. that lambs fed only on pasture had lower levels of carbonyl compounds (alkanals, 286 alkadienals, ketones, strecker aldehydes) than those fed on grass with a concentrate 287 supplement, or only with concentrate.
288
Multivariate analysis techniques were applied to investigate potential differences 289 between groups and associations with the sensory and volatile data. Following discriminant 290 analysis of the sensory data, the first component (F1) explained 58.87% of the variation and 291 the second component (F2) explained 41.13% of the variation (Fig. 1 ). The centroids of the 292 dietary treatments were placed in different quadrants ( Fig. 1a ), revealing some associations 293 with some sensory attributes (Fig. 1b ). The factor loadings of the sensory attributes that were 294 considered significant were higher than 0.30. In general, the overlapping of the groups 295 confirmed that the sensory profile of the lambs fed on different diets was similar. Also, the P Meat Flavour, the factor loadings of these attributes were ≤0.30. However, it is clear that the 303 SC group was not associated with attributes that may be viewed as undesirable (i.e. separated from the C group. The compounds that contributed to this separation were 2,5-315 dimethylpyrazine, 2,6-dimethylpyrazine, 2-ethyl-3,6-dimethylpyrazine, (E,Z)-2,6-nonadienal, 316 pentadecane, hexadecane, and pentadecanol (factor loadings ≥0.3 for F1, data not shown).
317
The slight overlap of the S and SC groups indicated that their volatile profile had some analysis, showed that the volatile profile of meat from animals fed silage-based diets was 320 different from those on a concentrate-based diet suggesting that this could be due to the 321 presence of compounds in silage-based diets arising from bacterial fermentation of herbage 322 that makes the "volatile fingerprint" different. The second component separated the SC from 323 the C and S groups and the compounds that contributed to the variation were dimethyl sulfide 324 and indole (factor loadings ≥0.3 for F2). The differences in the volatile profile ( Fig. 2) show 325 that both S and SC groups differed from the C group; however, the differences were not 326 reflected in the sensory quality to a large extent as few differences were detected (Table 2) .
327
The explanation could be that, while the volatile analysis showed 10 compounds to be 328 significantly affected, only seven (dimethylsulfide, hexanal, 2,6-nonadienal, indole, skatole, 329 2,5-dimethylpyrazine and 2-ethyl-3,6-dimethylpyrazine) have low odour thresholds and have 330 been reported to be odour-active in previous lamb meat flavour studies (Gkarane et al., 2018) .
331
Furthermore, only three out of the seven compounds (dimethylsulfide, hexanal and skatole) 332 had a "clear" diet effect since the others had an interaction with duration. These compounds, 333 even if present at concentrations above the odour threshold, may not be adequate to elicit 334 significant sensory differences among diets which could explain the similarity in the sensory 335 profiles of the lambs on different diets. Another hypothesis is that the panellist's sensitivity 336 was insufficient to detect the differences in the aroma or that even if they detected them they 337 didn't score them very differently on the magnitude scale of 0-100. Thus, while the 338 discriminant analysis separated the lamb based on diets, it seems that there are limitations 339 that should be considered regarding the compounds that could ultimately influence flavour.
340
The fact that only few effects of dietary treatment on the volatile and sensory profiles 341 of lamb were noted in the present study is surprising given that differences in the fatty acid 342 profile of the lambs due to the different dietary treatments were present (unpublished results).
343
For example, the C18:3 content was higher (P <.001) and the C18:2 content lower (P <.001) 344 in LTL from the S treatment compared to the C treatment while LTL from the SC treatment can't be equated to the perception of consumers (Munoz, 1998) . 360 Sensory analysis showed that only two attributes (Animal/Farm Smell and Woolly 361 Aroma) were affected by finishing duration, both of which had a diet × duration interaction 362 which will be described later in this section (Table 2) . A recent study (Guerrero et al., 2018) 363 also reported that feeding duration (30, 50 or 70 d) had a minor impact on sensory attributes 364 of dry cured ham from culled ewes.
Effect of finishing duration on the sensory and volatile profiles of lamb meat

365
The volatile analysis showed that seven volatile compounds were affected (P <.05) by 366 the finishing duration, regardless of the finishing diet (Table 3) . For four compounds (octanal, 367 nonanal, 1-octanol, and nonanoic acid) the 54 d group had higher levels (P <.05) than the 368 other two groups (36 d and 72 d) which did not differ from each other. For two compounds 369 (dodecanal and tridecanal) the 54 d group was higher (P <.05) than the 72 d group but both 370 were similar to the 36 d group. For one compound (2-pentylfuran) values for the 54 and 72 d 371 groups were both higher (P <.05) than the 36 d group. This quadratic pattern (i.e. an increase 372 to 54 d and a decrease thereafter) could be attributed to a number of factors including the 373 different average daily gains and feed conversion efficiencies of the lambs. In the current 374 study the average live weights (and ages) of lambs assigned to the experimental diets (S, SC 375 and C) were 41.9 ± 2.4 kg (214 ± 5 d), 39.0 ± 5.2 kg (204 ± 5d) and 38.9 ± 5.9 kg (197 ± 8 d) 376 for the 36, 54 and 72 d groups, respectively. These differences in maturity and associated Studies indicate that regardless of diet there is a limit to daily intake in ruminants There were some interactions between diet and duration with respect to their effects 393 on sensory and volatile profiles. The sensory analysis showed differences among groups at 54 394 d, whereby Manure/Faecal Aroma scores for the S group were higher (P <.05) than the 395 scores for the SC and C groups, but there were no differences among groups at the other two 396 feeding durations ( Supplementary Table S2 ). In the S group specifically, scores of 397 Manure/Faecal Aroma and Woolly Aroma for 54 d were higher (P <.05) than for 36 d and 72 398 d (P <.05) whereas for Animal /Farm Smell scores for 54 d were higher (P <.05) than 36 d but 399 similar (P >.05) to 72 d. For Fattiness/Greasiness, scores from the S group were higher (P 400 <.05) than the scores of SC and C groups only at 72 d. 401 There were ten significant (P <.05) diet × duration interactions in the volatile analysis 402 ( Supplementary Table S3 ). For (Z)-4-heptenal there were no differences due to duration in 403 the S group; however, in the SC group the 54 d value was higher (P <.05) than the 72 d value, 404 neither of which differed (P >.05) from the 36 d value, while in the C group the 36 d value 405 was higher (P <.05) than both the 54 and 72 d values. In addition, there were differences due 406 to diet in the 72 d period, with S group having higher values than the C group and similar to 407 the values of the SC group. For (E,Z)-2,6-nonadienal there were differences due to duration 408 only in the SC and C groups, whereby the 36 and 54 d values, which did not differ, were 409 higher (P <.05) than the 72 d values. A difference due to diet was found only for the 72 d which could explain the higher levels in muscle from the S and SC groups compared with the 420 C group, regardless of the finishing duration. For 2-heptanone, differences due to diet were 421 observed; thus, at 36 d values were lower (P <.05) in the S group than either the SC or C 422 groups, which did not differ. This compound was generally present at higher levels (although 423 not significant) in muscle from the SC and C groups at all finishing durations, probably 424 because it derives from C18:2n-6 (Elmore et al., 2005) , which is associated with grain-based 425 diets (Enser et al., 1998) . Differences in 2-heptanone due to feeding duration were significant 426 only in the S group, whereby values at 36 d were lower (P <.05) than either 54 or 72 d, which 427 did not differ.
428
Indole was detected at each duration of feeding in the S group, but only detected at 54 429 d in the SC group and at 72 d in the C group ( Supplementary Table S3 ). The frequency of 
436
For 2,5-dimethyl pyrazine, values at 36 d in the S group were higher (P <.0.5) than in 437 the C group, neither of which differed from the SC group; there were no statistical significant 438 differences (P >.05) due to dietary treatment at the other durations of feeding despite the fact 439 that the trend was similar ( Supplementary Table S3 ). Differences due to feeding duration 440 were significant only in the S group, whereby values at 36 d were higher (P <.05) than at 72 441 d, neither of which differed from 54 d. For 2-ethyl-3,6-dimethylpyrazine, values at 54 d in the 442 S group and SC groups were higher (P <.0.5) than those of the C group, while there were no 443 differences (P >.05) due to dietary treatment at the other durations of feeding (although a 444 similar trend was observed). Similar to 2,5-dimethylpyrazine, the S group, had higher (P 
457
For pentadecane there were differences among diets at all feeding durations whereby 458 the S group and SC groups, which did not differ, had higher (P <.05) values than the C group 459 ( Supplementary Table S3 ). For hexadecane, differences among diets were found for all 460 finishing durations whereby at 36 and 54 d the S group had higher levels (P <.05) than the C 461 group but both were similar (P >.05) to the SC group, while at 72 d the S and SC groups, 462 which did not differ, had higher values than the C group. Hydrocarbons like pentadecane and 463 hexadecane, are lipid oxidation compounds, and have been characterised as tracers of a 464 pasture diet in lamb (Sivadier, Ratel, & Engel, 2010) ; this could explain why levels were 465 lower with concentrate feeding at all durations. For 4-methyloctanoic acid differences among 466 diets were detected only at the 36 d of feeding duration with the S and SC groups, which did 467 not differ, having higher values (P <.05) than the C group.
468
In general, the majority of the aroma and flavour attribute scores as well as volatile 469 compounds followed a quadratic pattern, i.e. values increased from 36 to 54 d and decreased 470 from 54 to 72 d, mainly in S and SC groups ( Supplementary Table S2 and Table S3 ). The
471
PCA plot ( Supplementary Fig. S1 ) for all nine groups (using only the aroma and flavour Table S2 ). The compounds which may have contributed to these attributes 485 (Factor loadings 0.6-0.9 on PC1) were mainly lipid oxidation compounds (heptanal, 1-486 hexanol, 1-heptanol, octanal, 2-octenal, 1-octanol, nonanal, decanal, 2-decenal, 2,4-487 decadienal, 2-octen-1-ol) and other compounds e.g. α-terpineol, 2-pentylfuran, nonanoic acid, 488 benzaldehyde and phenylacetaldehyde, dimethyldisulfide and dimethyltrisulfide.
489
The results of the PCA plot could also be explained in part by the numerically higher 490 (although not significant) proportions of C18:3n-3, eicosapentaenoic acid (EPA; C20:5n-3) 491 and n-3 fatty acids in the S54 group compared to S36 and S72 groups, the higher proportion 492 of arachidonic acid (C20:4n-6) of the SC54 compared to SC36 and SC72 groups and the 493 higher level of PUFA of C54 group compared to C36 and C72 group (unpublished results). 
